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Abstract 46 
Biotic mechanisms associated with species diversity are expected to stabilize 47 
communities in theoretical and experimental studies but may be difficult to detect in natural 48 
communities exposed to large environmental variation. We investigated biotic stability 49 
mechanisms in a multi-site study across Inner Mongolian grassland characterized by large spatial 50 
variations in species richness and composition and temporal fluctuations in precipitation. We 51 
used a new additive-partitioning method to separate species synchrony and population dynamics 52 
within communities into different species-abundance groups. Community stability was 53 
independent of species richness but was regulated by species synchrony and population 54 
dynamics, especially of abundant species. Precipitation fluctuations synchronized population 55 
dynamics within communities, reducing their stability. Our results indicate generality of biotic 56 
stability mechanisms in natural ecosystems and suggest that for accurate predictions of 57 
community stability in changing environments uneven species composition should be considered 58 
by partitioning stabilizing mechanisms into different species-abundance groups. 59 
 60 
Key words: Biodiversity; Productivity; Dominant species; Precipitation variability; Portfolio 61 
effect; Species synchrony 62 
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1 Introduction 65 
The ability of ecosystems to reliably provide biological products and services to humanity 66 
is being threatened by climatic changes and species loss [1–5], arousing interests in biodiversity–67 
stability relationships. As an important ecosystem function, community biomass tracks 68 
environmental fluctuations [6–8]. This temporal variability is frequently estimated with the 69 
temporal coefficient of variation (CV = 𝜎/𝜇, the inverse of community stability) [9–13], and, 70 
based on theoretical and experimental studies [14–16], is expected to be lower in species-rich 71 
than in species-poor communities due to biotic mechanisms. First, asynchronous species 72 
dynamics can stabilize communities because the decreased biomass in one species can be 73 
compensated by increases in others [8,17–20]. Second, the mean–variance scaling relationship 74 
[21] suggests a stabilized community by distributing the total community biomass among more 75 
species when the scaling power ranges from 1–2 [10,13,22]. Third, the positive biodiversity–76 
biomass relationship suggests that high species richness can stabilize communities by increasing 77 
total biomass, a phenomenon termed the overyielding effect [3,13]. 78 
Although these biotic mechanisms have been proposed to stabilize communities in 79 
theoretical analyses [10,12,20,23–25] and have been evidenced by single-site obervational [8] 80 
and experimental [14,15,17,26] studies, as well as meta-analyses [16,21,27,28], they are still 81 
argued to be irrelevant in natural communities, especially at large spatial scales [2,29,30]. 82 
Community stability can vary spatially, potentially owing to spatial variations in abiotic and 83 
biotic factors. For example, a study in North America showed that community stability of 84 
grassland was lower than that of desert and forest because of its intermediate precipitation CV 85 
and potential productivity [7], suggesting that both abiotic and biotic factors affected community 86 
stability in natural ecosystems. Biotic stability mechanisms may be sensitive to climatic variation 87 
[27,28,31–34], masking their relevance in natural ecosystems. This environmental dependency 88 
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suggests that stabilizing effects of biotic mechanisms on communities may vary across sites and 89 
ecosystems, and thus stabilizing effects found in a single-site study may not extrapolate to 90 
multiple sites across larger spatial scales. In addition, abiotic factors can affect community 91 
species composition [17,35] or even outweigh biotic factors in driving species richness [1,27,36] 92 
and species dynamics [28,31] at regional scale, thus further modifying biotic stability 93 
mechanisms. Finally, abiotic factors may exert their influence on community stability via biotic 94 
factors or, in other words, biotic mechanisms may mediate the effects of abiotic factors on 95 
community stability. Therefore, investigating how biotic mechanisms affect community stability 96 
under varied environmental conditions and community species richness and composition in a 97 
multi-site study may give us deeper insights into biotic stability mechanisms in natural 98 
ecosystems than do single-site studies. 99 
We conducted a multi-site observational study for 5 consecutive years across Inner 100 
Mongolian grassland in China (total area 78.8 million hectares [37]) (Figure S1). The 23 study 101 
sites were characterized by large between-site variation in climatic factors (e.g. precipitation and 102 
its interannual variation) and biotic factors (e.g. community biomass and species richness and 103 
composition) (Table S1, Figure S1). The Inner Mongolian grassland is a typical part of the 104 
Eurasian grassland biome and crucial in providing biological products and services to human 105 
populations living there [33,38]. In this region, precipitation is the dominant driver of biomass 106 
[8,33,36,39,40], species richness and species composition [36,41] in communitites. Observational 107 
studies have shown that precipiation in Inner Mongolian grassland has dramatically changed 108 
during the past decades [42,43], while the ecological consequences of precipitation changes are 109 
still not fully understood. To investigate the community stability in this region, we employed a 110 
novel theoretical model relating its inverse (the community temporal CV) to species synchrony 111 
and weighted (by relative species biomass abundance) average species temporal CV, synthesizing 112 
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the mean–variance scaling effect and the overyielding effect [13] (Appendix 1.1–1.2). We 113 
analyzed whether the community stability and its biotic mechanisms depended on climatic factors 114 
(precipitation and its interannual variation) and how community stability was affected by those 115 
biotic mechanisms and species richness. We separated the biotic stability mechanisms into 116 
different species-abundance groups (Appendix 1.3–1.4) and hypothesized that community 117 
stability was more strongly affected by the most abundant, i.e. dominant species than by total 118 
plant species richness. This is because abundant species contribute strongly to dynamic processes 119 
in communities of high unevenness [13,25,44] and the studied region is characterized by such 120 
high unevenness of species biomasses [8,33] (Figure S2). 121 
 122 
2 Materials and Methods 123 
(a) Study sites 124 
The Inner Mongolian temperate grassland has a continental monsoon climate with a short 125 
and cool growing season (from May to October) and a long and cold non-growing season (from 126 
November to April) [36,45]. During the period of this study (from 2012–2016), the mean 127 
growing-season precipitation ranged from 186.2–398.0 mm, corresponding to about 90% of the 128 
annual precipitation (Table S1). 129 
The Inner Mongolian grassland includes three main vegetation types: meadow steppe, 130 
typical steppe and desert steppe (Figure S1). The meadow steppe is dominated by perennial 131 
grasses such as Stipa baicalensis and Leymus chinensis and perennial forbs such as Convolvulus 132 
ammannii. The dominant species of the typical steppe are perennial grasses such as Stipa grandis, 133 
Leymus chinensis and Stipa krylovii. The desert steppe is dominated by perennial grasses such as 134 
Stipa caucasica and perennial forbs such as Allium polyrhizum (Table S1). 135 
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In this region, aboveground community biomass varied considerably from 20.9–180.9 g 136 
m–2 and species richness ranged from 6–25 (Table S1). The lowest community biomass (20.9–137 
43.7 g m-2) and species richness (6–13) occurred in desert steppe and the highest values in 138 
meadow steppe (101.6–180.9 g m-2 for biomass and 11–25 for richness) (Table S1). 139 
 140 
(b) Plant community survey and climate data collection 141 
In 2012, we established a 23-site observational study along a transect across the Inner 142 
Mongolian grassland of China (latitudes ranged from 39.34–49.96 °N and longitudes from 143 
107.56–120.12 °E) (Table S1, Figure S1). We recorded the geographic location (latitude and 144 
longitude) of these sites and resampled them in the following 4 years (2013–2016), resulting in a 145 
5-year long time series of field observations. For more than half of our sites (13 out of 23 sites), 146 
data for the whole 5 years were collected. For some sites (10 out of 23 sites), only data for 3 or 4 147 
years were collected (two sites with data for 3 years because of land-use change and eight sites 148 
with data for 4 years because of mowing before the community survey could have been done) 149 
(Figure S3). A recent 39-site meta-analysis showed that investigating biodiversity–stability 150 
relationship with time series of ≤ 4 years can produce similar results to those using longer time 151 
series [46]. In addition, multiple short time series to some extent may compensate few long time 152 
series. We therefore expected that our dataset could provide reliable insights into the 153 
biodiversity–stability relationship of the studied region. 154 
Plant communities were surveyed between late July and early August in each year with a 155 
method that has a well-documented efficiency to estimate aboveground biomass and plant species 156 
richness in grassland ecosystems [36,40,47]. To appropriately represent the natural community, 157 
the surveyed plant community at each site was randomly selected in each year, excluding areas 158 
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with anthropogenic disturbances, e.g. heavy grazing or mowing. We positioned a plot of 10 × 10 159 
m at each site and surveyed three 1 × 1 m quadrats along the diagonal. Subsequently, all living 160 
plant material in each quadrat was harvested and sorted to species. All material was oven-dried 161 
and weighed to obtain aboveground biomass and calculate effective species richness based on 162 
species biomass abundance (see below). 163 
To obtain site-specific precipitation data, we collected the monthly climatic data from 119 164 
climate stations across Inner Mongolia, and then calculated site-specific monthly precipitation 165 
using a kriging method with a 2-km resolution digital elevation model in ArcGIS software 166 
(Environmental Systems Research Institute Inc., Redlands, CA, USA). A previous study has 167 
shown that the data interpolated using this method correlate well with in-situ measured climatic 168 
data [47]. Using these interpolated site-specific precipitation data, we calculated the mean 169 
growing-season precipitation and its interannual variation (estimated as the temporal CV). In this 170 
study, we used these growing-season climatic variables because plants were most active during 171 
this period. 172 
 173 
(c) Definitions of biotic stability mechanisms and species diversity indices 174 
Based on a recent theoretical model, we related the community temporal CV to the 175 
species synchrony and the weighted average species temporal CV [13,25] (Appendix 1.1–1.2). In 176 
the current study, these two terms were estimated with either all species or only dominant species 177 
(relative species biomass ≥ 5%) defined as the dominant species synchrony and the weighted 178 
average dominant species temporal CV (Appendix 1.3–1.4). According to a recent theoretical 179 
study, the weighted average species temporal CV can be affected by the mean–variance scaling 180 
relationship and the overyielding effect [13]. Here, the mean–variance scaling relationship is 181 
 9
defined as the power function between temporal variance and mean biomass [13,21] and 182 
overyielding is defined as a positive effect of species richness on biomass [3,13]. The theoretical 183 
model shows that these two biotic stability mechanisms can interactively affect the weighted 184 
average species temporal CV, thus underpinning effects of species richness [13]. In addition, the 185 
theoretical model suggests a weak effect of species richness on the weighted average species 186 
temporal CV when the mean–variance scaling relationship has a coefficient close to 2 [13]. 187 
In the current study, species richness was defined as the multi-year average number of 188 
species recorded in a 1 m2 quadrat. Considering the high unevenness of species biomasses in the 189 
studied grassland communities, we also used a measure of effective species richness, the antilog 190 
of the Shannon-Wiener diversity. This measure reflects how many species with an even 191 
abundance distribution would produce the same Shannon-Wiener diversity as observed for the 192 
actual uneven community [48]. These two methods were also used to estimate the species 193 
richness and effective species richness of dominant species. 194 
 195 
(d) Statistical analysis 196 
The community temporal CV was estimated using aboveground biomass over the 5 years 197 
of the survey without detrending because biomass had no significant linear temporal trend 198 
(assessed using linear regression between biomass and year) at all except one of the 23 study sites 199 
(Table S2). Taylor’s power law [21] was used to estimate the mean–variance scaling coefficient 200 
(Figure S4). We did not explicitly estimate the strength of the overyielding effect [3] as we had 201 
no monoculture treatments, but could detect it via positive slopes of  linear regressions between 202 
biomass as dependent and species richness as independent variable (Figure S5). 203 
We calculated the correlation coefficients between the climatic factors (precipitation and 204 
its interannual variation), biotic factors (species richness and effective species richness), biotic 205 
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mechanisms (mean–variance scaling, weighted average species temporal CV and species 206 
synchrony) and the community temporal CV to develop causal hypotheses about relations 207 
between variables. Individual relationships were plotted and analyzed with linear 208 
regression to assess how climatic and biotic factors directly influenced biotic stability 209 
mechanisms and the community temporal CV, and how biotic stability mechanisms 210 
directly influenced the community temporal CV. 211 
To combine causal hypotheses about direct and indirect effects we incorporated them into 212 
structural equation models (SEMs) and displayed their results with path-analysis graphs, using 213 
the lavaan package [49] of R 3.4.0 [50]. Specifically, we constructed SEMs that deliberately 214 
stayed as close as possible to a-priori hypotheses proposed to be essential biotic stability 215 
mechanisms [13,19,20,27]. We did this even at the cost that overall model fits might show 216 
significant deviations from a saturated model. Model-fit statistics such as Chi-square tests or the 217 
goodness-of-fit index (GFI) comparing the deviation of a current SEM to a full SEM without 218 
residual degrees of freedom were only used as an additional guide, but we avoided searching for 219 
a best model post hoc (Appendix 2). 220 
All above analyses were carried out with all species or only the dominant species included 221 
in biodiversity measures and biotic stability mechanisms, i.e. synchronous dynamics and 222 
weighted average species temporal CV of dominant species. All statistical analyses were 223 
conducted using R 3.4.0 [50] with the graphics package for plotting figures. For the correlation 224 
analyses, regression analyses and SEMs, relationships and pathways were considered significant 225 
if P < 0.05. 226 
 227 
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3 Results 228 
(a) Effects of climatic factors on species diversity 229 
The mean growing-season precipitation and its interannual variation were strong drivers 230 
of species diversity of the studied Inner Mongolian grassland sites. Specifically, both species 231 
richness and effective species richness were positively associated with growing-season 232 
precipitation (Figure 1a). In addition, the richness and effective richness of dominant species 233 
were negatively associated with the interannual variation in growing-season precipitation (Figure 234 
1b). 235 
 236 
(b) Effects of climatic factors, species diversity and biotic stability mechanisms on the community 237 
temporal coefficient of variation 238 
The community temporal CV was significantly affected by climatic factors but 239 
independent of species diversity. Specifically, growing-season precipitation had a negative effect 240 
on the community temporal CV, while its interannual variation had no significant effect (Figure 241 
1). In addition, species richness and effective species richness of all and of dominant species did 242 
not significantly affect the community temporal CV (Figure 1, Figure 2a–2d). 243 
The community temporal CV was positively related to the mean–variance scaling 244 
exponent, the weighted average species temporal CV and species synchrony of all and of 245 
dominant species (Figure 1, Figure 2e–h). 246 
 247 
(c) Effects of climatic factors and species diversity on biotic stability mechanisms 248 
The weighted average species temporal CV of all species was not significantly influenced 249 
by growing-season precipitation but if it was calculated only for dominant species a negative 250 
relationship was found (Figure 1, Figure 3a–b). Furthermore, the weighted average species 251 
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temporal CV of all and of only the dominant species was not significantly related to the 252 
corresponding measures of species richness (Figure 1, Figure 3c–f). However, the weighted 253 
average species temporal CV of all and of only the dominant species was positively associated 254 
with the mean–variance scaling exponent (Figure 1, Figure 3g–h). The mean–variance scaling 255 
exponent was independent of climatic factors, i.e. the growing-season precipitation and its 256 
interannual variation, and species diversity indices measured with all species or only with 257 
dominant species (Figure 1). We did not explicitly estimate the overyielding effect [3] but found 258 
significantly positive species richness–community biomass relationships at 9 out of 23 sites (and 259 
only at one site the relationship was significantly negative; Figure S5), indicating that 260 
overyielding effects did occur. 261 
Both the community-wide species synchrony and the dominant species synchrony were 262 
positively affected by the interannual variation in growing-season precipitation (Figure 1, Figure 263 
4a–b). In addition, the community-wide species synchrony was negatively associated with 264 
effective species richness (Figure 1a, Figure 4e). The dominant species synchrony was negatively 265 
associated with both the dominant species richness and dominant effective species richness 266 
(Figure 1b, Figure 4d, f). 267 
 268 
(d) Relating the community temporal coefficient of variation to climatic factors, biodiversity and 269 
biotic stability mechanisms 270 
To test the hypotheses that the weighted average species temporal CV and species 271 
synchrony directly influenced the community temporal CV, we conducted path analysis to relate 272 
the community temporal CV to climatic factors, species diversity indices and biotic stability 273 
mechanisms using SEMs (Appendix 2, Table S3, Figure S6). This path analysis did confirm the 274 
hypotheses and had a total explanatory power of 0.87 (Appendix 2, Figure 5a). In addition, the 275 
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mean–variance scaling exponent and the interannual variation in growing-season precipitation 276 
increased the community temporal CV indirectly via increasing the weighted average species 277 
temporal CV and the species synchrony, respectively (Appendix 2, Figure 5a). Effective species 278 
richness indirectly reduced the community temporal CV via decreasing species synchrony in this 279 
model (Figure 5a). When we replaced effective species richness with species richness its effect 280 
on species synchrony was no longer significant (Figure 5c). 281 
 282 
(e) Effects of dominant species on the community temporal coefficient of variation 283 
Based on the above SEMs, we furtherly analyzed the effect of the dominant species alone 284 
on the community temporal CV by replacing community-wide biotic stability mechanisms and 285 
biodiversity indices with their counterparts calculated only with dominant species. These 286 
analyses showed that the weighted average dominant species temporal CV and the dominant 287 
species synchrony positively affected the community temporal CV with a total explanatory power 288 
of 0.68 (Figure 5b, 5d). The mean–variance scaling exponent increased the community temporal 289 
CV via increasing the weighted average dominant species temporal CV; and growing-season 290 
precipitation decreased the community temporal CV via reducing the weighted average dominant 291 
species temporal CV (Figure 5b, 5d). Furthermore, both the effective richness (Figure 5b) and the 292 
uncorrected richness of dominant species (Figure 5d) decreased the community temporal CV via 293 
reducing the synchrony of dominant species. 294 
 295 
4 Discussion 296 
In the present study we investigated stabilizing effects of biotic mechanisms on natural 297 
community biomass at the regional scale of Inner Mongolia and analyzed their dependencies on 298 
climatic factors, species diversity and dominant-species dynamics. We found that the investigated 299 
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biotic mechanisms strongly affected community stability in the 23 natural grasslands across a 300 
gradient of yearly precipitation and its variation. However, in contrast to expectations based on 301 
previous studies [27], the latter had negative rather than positive indirect effects on community 302 
stability because yearly precipitation fluctuations increased rather than decreased the synchrony 303 
of population dynamics of the different species within communities. This could compromise the 304 
reliability of the studied Inner Mongolian grassland in providing biological products and services 305 
to human populations under the ongoing increasing precipitation variability [42,43], as we 306 
discuss further below. 307 
 308 
(a) Biotic stability mechanisms and the importance of dominant species in grasslands of Inner 309 
Mongolia 310 
A recent theoretical analysis showed that both non-significant and negative biodiversity–311 
stability relationships were possible when species synchrony, mean–variance scaling and 312 
overyielding interactively affected community stability [13]. In the present study, species 313 
synchrony and the mean–variance scaling had both significant effects on community stability. 314 
Furthermore, 9 out of our 23 study sites showed significantly positive biodiversity–biomass 315 
relationships indicating overyielding (Figure S5). Community stability was independent of 316 
overall species richness but indirectly positively affected by a higher richness of dominant 317 
species, which decreased dominant species synchrony, which in turn decreased the community 318 
temporal CV. This indicates that in natural communities with highly uneven abundance 319 
distributions, rare species, which might be sink species not able to maintain independent 320 
populations in the community, can mask the influence of biodiversity variables on biotic stability 321 
mechanisms. Generally, theoretical and empirical studies predicted and found positive effects of 322 
species richness on community stability [14,15,27,28,32]. No effects have been reported from a 323 
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recent single-site study in the same region as that of our study [33], potentially again for the 324 
above reason of highly uneven species abundance distributions in these grasslands. 325 
Previous theoretical work found that unevenness can indeed weaken biodiversity–stability 326 
relationships [9,22], because the most diverse components of a community, namely rare species, 327 
may have limited effects on community stability due to their low abundances [51]. This 328 
theoretical prediction is supported by a growing number of experimental investigations, as well 329 
as the current study, showing weak or non-significant biodiversity–stability relationships when 330 
dominant species regulate community stability [32–34,52–55]. In the present study, the dominant 331 
species as a group had low but variable richness across the 23 sites (1–5 species per square meter, 332 
accounting for 64.2–96.8% of community biomass; mean 82.8%) (Table S1). The weighted 333 
average dominant species temporal CV and the dominant species synchrony significantly 334 
impacted the community stability with an explanatory power slightly lower than that of using 335 
community-wide counterparts and much higher than that of common- and rare-species groups 336 
(Figure S7–S8). This suggests that theoretical studies assuming evenly distributed species 337 
abundances [10,12,18,23] may overestimate the regulatory effect of overall species richness on 338 
community stability, or, in other terms, that especially in natural ecosystems with highly uneven 339 
species abundance distributions it may be more appropriate to base predictions of community 340 
stability on the richness and population dynamics of the dominant species, as suggested above. 341 
The weighted average species temporal CV provided the most important biotic stability 342 
mechanism across the 23 sites of the Inner Mongolian grassland, which was independent of 343 
overall or dominant species richness but was positively associated with the mean–variance 344 
scaling exponent. The mean–variance scaling has commonly been omitted in previous studies 345 
[26,32,33], while our results indicate that this biotic stability mechanism generally exists in 346 
natural grassland communities. Indeed, a recent theoretical analysis showed that the mean–347 
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variance scaling can determine the sign of the relationship between species richness and the 348 
weighted average species temporal CV [13]. These authors found that species richness will 349 
negatively impact the weighted average species temporal CV when the mean–variance scaling 350 
has an exponent ranging from 1–2 [56]. However, a positive effect will occur when it is greater 351 
than 2 (some studies showed that such high values are not impossible, see e.g. [57],[58]). In the 352 
present study, the estimated mean–variance scaling exponent had a mean value of 1.72 (ranging 353 
from 1.41–1.98). This value is consistent with the commonly considered range of 1–2 and the 354 
reported value (1.73) in a recent single-site study in this region [34]. However, this value is close 355 
to 2, and thus may in part explain the non-significant relationship between the weighted average 356 
species temporal CV and species richness. 357 
The weighted average species temporal CV was strongly affected by the dominant species 358 
group and independent of the most diverse component of the community, the rare species group 359 
(Figure S7), which was likely responsible for the lack of significant effects of total species 360 
richness. In addition, we found that higher growing-season precipitation can stabilize 361 
communities via decreasing the weighted average dominant species temporal CV. This is because 362 
its stronger stimulation of the mean biomass than of its standard deviation (Figure S9), therefore 363 
decreasing the standard deviation-to-mean ratio. More importantly, dominant species showed 364 
higher stability than other species (Figure S10), indicating that they are better able to maintain a 365 
stable biomass in a fluctuating environment than other species, potentially owing to their better 366 
abilities in acquiring nutrients, water and light via well-developed root systems and taller canopy 367 
[17,59,60]. Thus, these findings suggest that in the studied grassland communities dominant 368 
species are more important than other species for stabilizing community biomass. 369 
 370 
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(b) Yearly variation in precipitation synchronizes species and increases community temporal 371 
variation in grasslands of Inner Mongolia 372 
To our knowledge, the current study is the first to find that precipitation variability can 373 
destabilize rather than stabilize natural grassland communities by increasing species synchrony, 374 
suggesting it may be responsible for the impaired stabilities of communities and vegetation 375 
activities under high precipitation variability in previous region-scale investigations [6,47]. Our 376 
results contrast with results of a recent meta-analysis of 9 sites across grasslands of North 377 
America, which found that there precipitation variability stabilized communities by promoting 378 
compensatory dynamics [27]. This discrepancy may be due to drier average conditions of the 23 379 
sites here studied across the Inner Mongolian grassland (precipitation ranged from 186.2–398.0 380 
mm), leading to a positive correlation between precipitation and biomass for all or at least most 381 
species [41], whereas under wetter average conditions in North-American grassland (precipitation 382 
ranged from ~250 to ~900 mm at the sites analyzed in [27]) some species may actually increase 383 
in biomass in drier than average years, thus maintaining more constant community biomass. 384 
Therefore, the pattern observed in the present study may also be characteristic for even drier 385 
regions with semi-arid and desert ecosystems. 386 
In addition, the current study is also the first to quantify how different species-abundance 387 
groups affect species synchrony and found that here only dominant species impacted species 388 
synchrony significantly (Figure S8), potentially due to differences in their responses to 389 
environmental fluctuations (Figure S3). Recent theoretical analyses have indicated that high 390 
unevenness of species abundance distributions can weaken the dependence of species synchrony 391 
on species richness and cause it to be strongly driven by a few abundant species [13,25]. Such a 392 
theoretical prediction has been supported by long-term (> 20 years) single-site observational 393 
studies in grasslands of Inner Mongolia and the Qinghai-Tibetan Plateau showing that 394 
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compensatory dynamics between key functional groups maintain a stable community biomass 395 
[8,17]. Our results support such a theoretical prediction as well. Thus, the current study not only 396 
suggests that the strong dependence of species synchrony on few abundant species may be 397 
general in natural ecosystems characterized by high unevenness, but also provides a tool to 398 
examine and quantify this dependence. 399 
In the current study we investigated stabilizing effects of biotic mechanisms on temporal 400 
variation in plant community biomass. We did not quantify effects of anthropogenic disturbances, 401 
e.g. grazing and mowing, although they can be large [16]. It is of course conceivable that 402 
anthropogenic disturbances can reduce the richness of dominant species within grassland 403 
communities and affect other variables in the systems depicted in our SEMs, thereby indirectly 404 
affecting grassland stability in Inner Mongolia. Indeed, Inner Mongolian grassland has been 405 
seriously disturbed by livestock overgrazing and coal mining during past decades [37,45,61]. 406 
Furthermore, predictions for the future climate include increased precipitation variation [42,43], 407 
which could decrease grassland stability as shown in the present study. 408 
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Figure legends 589 
 590 
Figure 1. Correlation matrix for climatic factors (mean growing-season precipitation and its 591 
interannual variation), biodiversity indices (species richness and effective species richness), 592 
biotic stability mechanisms (mean–variance scaling exponent, weighted average species temporal 593 
coefficient of variation (CV) and species synchrony) and community temporal CV. (a) 594 
Correlation matrix for variables calculated with all species and (b) correlation matrix for 595 
variables calculated only with dominant species (except climatic factors and community temporal 596 
CV). Black numbers with red and blue background represent significant (P < 0.05) positive and 597 
negative correlations, respectively, and grey numbers represent non-significant (P > 0.05) 598 
correlations. 599 
 600 
Figure 2. Community temporal coefficient of variation (CV) in relation to species richness, 601 
effective species richness, weighted average species temporal CV, species synchrony (a, c, e, g, 602 
respectively) and the corresponding relations for dominant species only (b, d, f, h). Black solid 603 
lines represent significant linear relationships (P < 0.05) and grey dashed lines represent non-604 
significant linear relationships (P > 0.05). 605 
 606 
Figure 3. Weighted average species temporal coefficient of variation (CV) in relation to 607 
precipitation, species richness, effective species richness and mean–variance scaling exponent (a, 608 
c, e and g, respectively) and weighted average dominant species temporal CV in relation to 609 
precipitation, richness and effective richness of dominant species and mean–variance scaling 610 
exponent (b, d, f and h, respectively). Black solid lines represent significant linear relationships 611 
(P < 0.05) and grey dashed lines represent non-significant linear relationships (P > 0.05). 612 
 28 
 613 
Figure 4. Species synchrony in relation to the interannual variation in precipitation (precipitation 614 
CV), species richness and effective species richness (a, c and e, respectively) and dominant 615 
species synchrony in relation to precipitation CV and richness and effective richness of dominant 616 
species (b, d and f, respectively). Black solid lines represent significant linear relationships (P < 617 
0.05) and grey dashed lines represent non-significant linear relationships (P > 0.05). 618 
 619 
Figure 5. Path-analytic representations of structural equation models (SEMs) for relating the 620 
community temporal coefficient of variation (CV) to climatic factors (mean growing-season 621 
precipitation and its interannual variation), biodiversity indices (species richness and effective 622 
species richness) and biotic stability mechanisms (mean–variance scaling exponent, weighted 623 
average species temporal CV and species synchrony). (a) The best SEM based on our a-priori 624 
hypotheses and statistical analysis (Appendix 2, Table S3, Figure S6), and (c) a SEM model in 625 
which effective species richness is replaced with uncorrected species richness. (b, d) SEMs 626 
corresponding to those in (a, c), respectively, but where biodiversity indices and biotic stability 627 
mechanisms were calculated only with dominant species (dominant species richness, effective 628 
richness of dominant species, weighted average dominant species temporal CV, and dominant 629 
species synchrony). Red and blue arrows represent significant (P < 0.05) positive and negative 630 
paths, respectively. Grey dashed arrows represent non-significant paths (P > 0.05) that were 631 
nevertheless included in the SEMs because they corresponded to a-priori hypotheses for causal 632 
relationships. All arrows are scaled in relation to the strength of the relationship with numbers 633 
showing the standard path coefficients (i.e. indicating by how many standard deviations the 634 
variable at the end of an arrow would change if the variable at the beginning of the arrow would 635 
be changed by one standard deviation). R2 values are proportions of variance explained by 636 
 29 
dependent variables in the model. Model-fit statistics such as Chi-square test and goodness-of-fit 637 
index (GFI) are shown in each subfigure. The significance level of each path is indicated by the 638 
number of asterisks (* for P < 0.05, ** for P < 0.01, *** for P < 0.001). 639 
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